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ABSTRACT
A number of asbestos-contaminated sites are listed on the Na-

tional Priorities List or have been considered for U.S. EPA emer-
Itacy actions. Of these, four have been the subject of intensive
U.S. EPA enforcement efforts to obtain site cleanup by potentially
Rtponsibk parties. Considerations used in selecting the appro-
priate remedial response at each of these sites will be discussed
ad the final cleanup action will be described.

KTRODUCTION
Superfund has been used to accomplish cleanup at a number of

National Priorities List (NPL) and non-NPL sites where the pri-
•ary or only contaminant of concern is asbestos. National Prior-
17 List sites include: Mountain View Mobile Home Estates, Globe,
Arizona; Coafinga Asbestos Mine, Coalinga. California; Atlas
Asbestos Mine, Fresno County, California; Ambler Asbestos Piles.
Ambler. Pennsylvania. Non-NPL sites include ten sites in and
wound Hudson, New Hampshire; the Jaquays Mill she. Globe,
Arizona; and the LJoyd Hodges site, East Chicago, Indiana. Many
•f these sites were or are involved in enforcement actions under
ICRA §7003 or CERCLA §106.

to this paper, the author will describe the approach taken in se-
hetiag remedial action at sites which are/were the subject of in-
tan enforcement involvement. Considerations used in Htrting
« approving the appropriate remedies at these sites wiD be out-
bid and the final cleanup actions will be described.
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The definition of asbestos fisted in the Glossary of Geology1 is:
• A commercial term applied to a group of highly fibrous silicate

•fflerah that readily separate into long, thin, strong fibers of
•tfnoent flexibility to be woven, are beat resistant and chent-
fc*By inert, and suitable for uses (as in yarn, cloth, paper, paint,
brake finings, tiles, insulation cement, fillers and filters), where
•combustible, nonconducting, or chemically resistant material
•required.

• A mineral of the asbestos group, principally chrysotile (best
•topted for spinning) and certain fibrous varieties of amphibok
teunpfe tremolite, actinolite, and croddolite)."

"*»latkm of asbestos fibers is known to cause cancer in
Specifically, exposure to asbestos can cause broncho-

mesothcl-IBfc cardnomas in the hing and pleura! and peritoneal
•••• after a latency period of up to 30 years. Asbestos is also
**>•• to lead to respiratory asbestosis, characterized by fibrocis,

and fibrods of the pleura.' There is very limited in-

formation from which to infer the danger of cancer from inges-
tion of asbestos fibers in food or drinking water.

Legal Suras
Asbestos is listed as a hazardous air pollutant under the Clean

Air Act (CAA), section 112. Asbestos air emissions are regulated
by the National Emissions Standards for Hazardous Air Pollutants
(NESHAPS) at 40 CFR Part 61, Subpart M. Asbestos is listed as a
toxic pollutant under section 307(«X1) of the Federal Water Pollu-
tion Control Act (FWPCA). Asbestos is regulated in workplaces
by OSHA (29 CFR Part 1910) and in schools by the U.S. EPA
under the Toxic Substances Control Act (TSCA).

Although asbestos is not a hazardous waste listed under the
RCRA regulations (40 CFR Pan 261). its disease-causing proper-
ties meet the standards of the statutory definition of RCRA
f 1004(s). This toxic property of asbestos allows use of the substan-
tial hazard standard of RCRA §3013 and the imminent and sub-
stantial endangennent standard of §7003 for enforcement pur-
poses. Because of its listing in CAA and FWPCA. asbestos is, by
definition, a hazardous substance under CERCLA §101(14), en-
abling the U.S. EPA to take removal or remedial action with the
Superfund or to take enforcement action for cleanup through
administrative orders or judicial actions under §106, and for cost
recovery under §107.

Several enforcement actions have tested the U.S. EPA's re-
sponse and enforcement authorities. The U.S. EPA has prevailed
in these actions. In 1983, after oral argument and testimony in
U.S. v. Johns Manville el al., the U.S. District Court of New
Hampshire found "that there has been a release or there exists a .
substantial threat of a release in the environment of a hazardous
substance as contemplated by §104(aXI) of CERCLA" and
ordered two defendants to allow the U.S. EPA access to their
property to conduct a removal action (installation of a cap). In
1994, in U.S. v. Metate Asbestos a al.. the U.S. District Court of
Arizona found, on a partial summary judgment motion, that as-
bestos is a hazardous substance under the definition at §101(14) by
virtue of the fact that asbestos is regulated under Section 307 (a) of
FWPCA and under Section 112 of Clean Air Act. The court ruled
against the defendants' interpretation of the RCRA exclusion of
mining wastes.

SITE INVESTIGATION/CHARACTERIZATION
The development and selection of remedies at asbestos sites

varies little in its process from the process used at any other haz-
ardous waste site. On one hand, decisions are made easier because
there is no information indicating subsurface lateral or downward
movement of asbestos in a landfill and asbestos is not a regulated
hazardous waste under RCRA subtitle C. However, site investiga-
tions are made more difficult because analysis and quantification
of asbestos is both complex and difficult to interpret.
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As with any other hazardous waste she, it is important to de-
termine the scope of the contamination and possibk movement or
transport of the hazardous substance off-site. Asbestos sites dealt
witt under Superfund have primarily been the result of waste dis-
posal from mining, milling or manufacturing facilities in the fan-
mediate area of the site. Asbestos contamination of soib is the re-
sult of either on-site waste disposal activities or the result of off-
site deposition of asbestos particles through soil erosion from
surface water or wind. There is no evidence to date of rif f̂ rn*1*
subsurface downward or lateral migration in sous. However, there
may be upward movement of asbestos particles or products doe to
freeze-thaw effects common to rock migration in northern and
New England soib. There is no documentation of groundwater
transport of asbestos particles.

Surface soils and soil cores should be taken to investigate the
areal extent and depth of contamination at and around the site.
Site vegetation can be sampled after a wind or rain storm to in-
vestigate whether asbestos may have been transported from the
soil, into the air and resettled on vegetation. Wipe samples should
be taken from buildings or equipment on-site. If the site contains
buildings or equipment which have air filters, these fibers can be
sampled.

Air sampling may be the next logical step. This analysis requires
fairly sophisticated design procedures and may involve weeks or
months of continuous sampling with many air sampling device*.
Prior consultation with specialists in asbestos and rtrtrahtf sam-
pling is recommended, particularly if an enforcement action is in-
volved. Experts differ in their desire for air mnpKng data to rap-
port their testimony that populations on or surrounding the site
may be endangered. It is very difficult and potentially very costly
to design an air sampling program which actually produces results
useful for estimating population exposure.

Modelling studies may be quite useful in estimating typical and
worst case air transport if the following information is available:
meteorological conditions (wind direction and speed, temperature),
soil and asbestos particle size and density, soil and air moisture
conditions, site activity, rite topography and asbestos concentra-
tions. It may be time-consuming and of questionable cost-effec-
tiveness to attempt to verify modelling results with an intensive air
sampling regime, depending on the estimated cleanup cost for the
site and the financial viability of responsible parties.

As with any rite, historical land use records and photograph*
may be useful in directing the sampling efforts. Because visible
emissions from asbestos milling, storage, manufacturing and dis-
posal sites are a violation of NESHAPS, photographs or docu-
mentation of these occurrences may be valuable both for their
evidence of the air transport of tbe wastes and as a baste for a
Clean Air Act count in any enforcement action.

Information about rite activities is also useful in alleging or es-
timating exposure to asbestos. In one toxic torts case, the plain-
tiffs went so far as to operate lawn mowers, motor bikes, roto-
tillers. etc. on a residential she with personnel monitors and en-
vironmental air monitors to record the asbestos entrained in the air
and available in the breathing zone. This may or may not be neces-
sary, fruitful or desirable depending on the needs of the asbestos
experts retained to work on the case. Some small amount of liter-
ature exists which could be extrapolated to these activities. Case-
specific decisions should be made balancing costs, benefits and un-
certainties.

Analysts
There are a number of uncertainties resulting from the difficul-

ties of selecting a method of analysis, performing the analysis and
interpreting and applying the results. A number of methods arc

used for the identification and ouantitation of asbestos in ak,
water and soib. Optical polarized light microscopy, transmbsioa
electron microscopy, fi*""^ electron microscopy and x-ray diff.
raction are useful but limited methods. Langer' describes that
methods in some detail.

Electron microscopy b most expensive and takes the longest to*
to perform but will detect tbe smallest fibers. Polarized light micro-
scopy can be done on-site or by many nearby laboratories for km
time and money, but may be limited in its detection capabilities.
If the point of the sampling b to demonstrate to the court that s>
bestos has definitely been released into the air and cost and time an
not obstacles, then electron microscopy may be the method of
choice.

If real time monitoring data are needed during a phase of cfcaa.
up, then an on-site laboratory with polarized light microscopy
capabilities may be tbe most useful. Choose tbe analytical method
that best fits your short- and long-term needs, timing and budget.
Consult with your analytical laboratory during the design of sta-
pling plans so that the analytical regime matches the rigorousnoi
of your sampling. If you are involved in an enforcement case, con-
sult with your asbestos expert witnesses regarding their needs and
experience.

Tbe most difficult problem b to relate the number of percea-
tage of fibers reported in tbe analysis to the quantity of asbestos is
a soil sample. A direct concentration (ppm or % by weight) b aa
reported; rather, analysts give the number or percentage of asbes-
tos fibers per microscope field examined. Relating these data IB
traditional methods of interpreting data and estimating exposure
potential b difficult. Air samples offer seemingly more direct re-
sults of numbers of fibers per liter of air across tbe filler. How-
ever, the sampling design b more difficult because the variabia
may be more difficult to control.

In general, it can be logically argued that asbestos documented
on the surface of a rite can be, and b, transported off-rite by wind
and by surface water runoff, to later be available for re-entran>
ment and subsequent exposure.

FEASIBILITY STUDIES/REMEDIAL DESIGN
At this point in time, there b only one option for permancat

disposal of asbestos; that option b burial. There are several ways »
accomplish this result depending on tbe size of the rite and tk
volume of asbestos-contaminated soil: (1) excavation, transport,
off-rite landfilling; (2) burial in an on-site pit or landfill; (3) ess
in place.

Because asbestos b neither a waste listed nor regulated nadat
RCRA. disposal sites do not have to conform to subtitle C stan-
dards. Off-site disposal of asbestos wastes from a Superfund sa?
may require a justification to be exempt from the U.S. EPA/
OSWER Off-rite Disposal Policy which requires Superfund waflB
to be disposed of only at rites with RCRA permits and a good co»
pliance record. At the time of thb paper, the issue had not bees
raised on a site-specific basis. However, adequate arguments last
asbestos wastes do not require the groundwater protections inher-
ent in tbe Subtitle C landfill permitting process can be made. Go-
era! requirements for solid waste disposal under RCRA do sppfj
(40 CFR Part 257).

Under the Clean Air Act, NESHAPS requires closure of an av
bestos site by covering tbe asbestos material with at least 6 in. of
compacted clean fifl material and vegetation or 24 in. of con-
pacted clean fill material (no vegetation) or a resinous or pet/otem
based dust suppression agent. The drawback of the latter method s
that the dust suppression agent must be reappued at least yearb
to maintain maximum effectiveness.

A general discussion of asbestos waste management b given •
U.S. EPA pubhcation number 530-SW-gS-OOT. May 1*3, »
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Asbestos Waste Management Guidance."4 Choice of a re-
medial option should be based upon a number of factors in addi-
tion to RCRA and NESHAPS. In some cases, the minimum re-
paired standards may be inadequate for a long-term remedial re-
fnotuc. As mentioned above, dust suppression agents have a finite
short life. 6 in. of 111 may not be an adequate cap in difficult cH-
Bttes or steep topography and vegetation may be difficult to
establish or maintain. In its enforcement actions, the U.S. EPA
has focused on obtaining a remedy adequate for 30 to SO yean.

The following considerations have been used in selecting, recom-
•xnding and/or approving remedies at RCRA and Superfund en-
forcement sites:

Present site use. extant buildings and structures
Site accessibility to the public
Concentration of asbestos in the soO or wastes
Volume of asbestos-contaminated soil or wastes
Aral extent of surface contamination
Depth of contamination
Site safety procedures during remedial work
Topography
Climate—temperature, rainfall, storm events
Vegetation establishment and maintenance
Future maintenance requirements
Future use

Didsto n: Oi-Slte or Off -Site
Tbe first decision to be made is whether the remedial action

should take place on-site or off-site. The primary considerations in
making this decision are site use, site accessibility and the concen-
traiion and volume of asbestos contaminated sou* on the site.
Future use may also be a consideration if the site is zoned for
residential or industrial use.

The extent and volume of contamination contribute directly to
the decision as to the practicality and cost of excavation and off-
site transport. On several sites in New Hampshire, asbestos man-
ufacturing bag wastes were used as fill in marshy areas or ravine*.
Because of the depth of possible excavation and the large amount
of waste to be transported, h was deemed more cost-effective to
cap the wastes in place. The concentration of asbestos in the soil
and the accessibility of the site also contribute to the decision to
excavate or cap in place.

On several smaller sites in New England, there was only a small
surface area a foot or so in depth of contaminated soO. la thaw
cam. it was more practical and more protective of health to re-
•ovt the contamination and transport h to the local landfill for
proper burial.

Residential sites should be looked at carefully to analyze the
type and locations of activity and the locations of asbestos coav
umination. Certain typical suburban activities such as gardening
and landscaping may preclude oil-site disposal or capping.

As a result of a scope of contamination study performed at
Mountain View Estates, Globe, Arizona, it was found that there
•at a fairly uniform distribution of asbestos over each residential
lot. To adequately protect residents continuing to reside in the nb-
amsion. there were three options other th?n p*""""**" rdoca-
uoa: (I) installation of a cap in excess of 3 ft, (2) installation of
a leuer cap with restrictions on any gardening, or (3) heavy OK of
the lots for recreational uses or (3) complete removal of aD asbes-
lOMoataminated soil. These options were rejected upoa coarid-
«w»oo of these and other factors discussed below. At one ate ia

Hampshire, a pocket of asbestos-contaminated fin was re-
from a residential lot because it was deemed more prottc-

«m ofhealth and was feasible and cost effective to excavate.
A decision to transport off-she necessitates excavation of the

•««; and consequently, the health and safety of workers and

nearby residents during the excavation and transport of the wastes.
whether to an off-site or on-site landfill, b of concern. The
scope and intensity of protective measures will affect the cost and
feasibility of the job and the oversight required.

Residential Site Considerations
If there are residences on or adjacent to the site, sampling of set-

tled dust should be done in those residences to determine whether
asbestos has been transported from the site into them. Where there
is information that asbestos attributable to the site is present in any
building (aside from asbestos that may have been installed as in-
sulation, siding or flooring) a decision must be made as to the
feasibility of cleaning the building and its contents. A company
skilled in asbestos cleanup in buildings should be consulted in the
early stages of design to determine the best procedures and tim-
ing for cleaning.

It may be necessary to temporarily relocate nearby residents dur-
ing times of intensive rite work and building cleaning activities.
The U.S. EPA temporarily relocated several families adjacent to
rites in New Hampshire based on recommendations of the Centers
for Disease Control and the judgement of the On-Scene Coor-
dinator assisted by an industrial hygienist.

Permanent relocation is an option that should be considered in
the same time period as the decision for off-site or on-site dis-
posal. Tbe U.S. EPA permanently located more than 20 families
from mobile homes at the Mountain View Estates in Globe, Ari-
zona, after deciding that the mobile homes could not be cleaned
adequately unless the interior panel walls were removed and the
air spaces between the walls were cleaned. Interior walls in mobile
homes are not air tight; air and dust can infiltrate the spaces be-
tween the walls. One option was to purchase new trailers for in-
stallation on site. However, because of the uniform distribution of
the asbestos contamination of the site, it was felt that a cap in ex-
cess of 5 ft might be needed to allow for normal suburban resi-
dential activities on the property. This was deemed to be not cost-
effective. The residents were brought out; title to the property was
assumed by the State of Arizona.

Dedskw A: Cap n Place or Create Oa-Site LaadfB
If it is decided to complete the remedy on-site. the second de-

cision is whether to cap the contaminated area in place or to ex-
cavate and place the material in a burial pit or an on-site landfill.
Again, the volume of the waste is a primary consideration.

Topography or the physical characteristics of the disposal site
are also considerations because of wind and water erosion. If the
wastes are in a large tailings pile or on a steep slope, h may be
more secure for the long-term to remove the wastes to a burial pit
or an area where they can be leveled off to the surrounding topog-
raphy. A soil cover over a large steep sided pile may be a measure
requiring a high degree of future maintenance because of the in-
creased possibility of erosion. Heahh and safety considerations for
workers and the surrounding population may play a part in the
choice of capping in place or excavation to a new landfill site.

Cap Design
The design of a cap need not be strictly in accordance with

RCRA regulations because, in the case of an asbestos closure, the
cap serves a more limited purpose than for normal hazardous
wastes; for asbestos, the purpose of the cap is to prevent remer-
gence of the wastes on the surface of the site through the processes
of wind and water erosion, freeze/thaw cycles and site use. At
U.S. EPA enforcement sites, the nominal depth of the soil cap
has varied from 6 in. to 5 ft, depending on topographical features,
rainfall, winter temperature extremes, vegetation requirements,
future maintenance requirements and future uses. Caps have been
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finished off with travel, rip rap and/or vegetation depending on
cbe foreseeable maintenance requirements, climate and uettkttin.
In most enforcement actioos, the U.S. EPA has been reluctant to
accept the 6-ia. phis vegetation minimum under NESHAP bo-
cause of doubts about how long the cap would last due to erosioa
and continued site use.

The Corp* of Engineers at the < >ld Regions Research Labor-
atory in Hanover, New Hampshire has recommended a minimum
of 2.5 ft of soil as a cap for New England sites because of re-
search whicfa found that there is an annual upward movement of
pebbles, rocks and presumably asbestos particles through the ac-
tion of freezing and thawing.' They recommend that the top of the
asbestos layer be lower than the mean freeze line in the soil after
the cap is installed.

The Arizona-Nevada Area Office of the Corps recommended a
minimum of 2 ft of cover fill material at the Mountain View Estates
site because of the desert climate and the potential for heavy storm
erosion. The State of Arizona wifl assume maintenance respon-
sibilities for this site after construction. However, a 5 ft layer of
soil was chosen at the adjacent Jaquays site because of the higher
concentration of asbestos in the tailings and the need to design a
remedy with minimal future maintenance by the owner/operator.

Linen have been used at several sites, primarily to stabilize ex-
cavations or to indicate extensive erosion. The linen have been
both PVC and woven filter fabric and have been used on top of
rather than under the asbestos contamination, in Ambler, Penn-
sylvania, a matting layer of paper fiben in polypropylene was
used on top of the clean Mil to stabilize the steep slopes of the
asbestos piles during the time it took for the vegetation to become
established. Because there is no information that asbestos migrates
downward or laterally, a bottom finer is not needed.

The depth of the cover or cap is relevant also to the ability to
establish and maintain vegetation. Some asbestos wastes are highly
alkaline and may be very high in m«|w«tiini The New Hampshire
and Pennsylvania sites have had pHs of 12 or more. Too little soil
on top of the asbestos wastes could result in vegetation being un-
able to become established or dying after several seasons of growth.
In addition, asbestos tailings are lacking in nutrients. If a lesser
depth of soil is used for a cap. the maintenance requirements
should require frequent fertilization and pH adjustment to main-
tain a healthy mat of vegetation.

Vegetation is recommended to stabilize the cover when adequate
rainfall is available to maintain growth without irrigation. The
Corps of Engineers and the Soil Conservation Service have been
very helpful in selecting vegetation types, mostly grasses and
ground coven such as crown vetch, that are adapted to specific
climate regions and particular soil types. In areas with little natural
rainfall or on steep slopes a gravel or rip rap finishing layer should
be used in place of vegetation. Asphalt or concrete paving is an-
other option for a cap. especially on sites which may be desig-
nated for industrial uses, parking lots or driveways.

SITE CONSTRUCTION WORK
Some general recommendations have been made to guide retpoo-

ibfe parties in the drafting of health and safety plans. OSHA-
pproved respirators should be required. Work clothing need not
e impermeable but should be disposable or able to be cleaned on
te. Under no circumstances should worfcen take contaminated
'othing off the site for cleaning. A number of epidemiology stud-
s have suggested that contaminated clothing can be a significant
urce of exposure to families of asbestos workers.

Visible emissions are a violation of NESHAPS. They also en-
danger site personnel and contribute to off-site air transport. Spe-
cial consideration must be given to dust control with water and i
dust suppressant. If the asbestos is in large tailings piles, as it hit
been at several sites, the interior of the piles may or may not have i
moisture content sufficient to prevent eatrainment under ughi
wind conditions during removal activities. A moisture content of
10% in addition to constant soaking during excavation to prevent
moisture losses through evaporation is recommended in these situa-
tions.

Buildings on or adjacent to the site should be sealed to prevent
dust infiltration. Air circulating equipment should be shut down,
and intake vents should be covered with sheets of plastic. Doors,
windows and foundation and roof vents should be sealed with plas-
tic, too. After the site work has been completed, buildings should
be hosed off. Equipment used on the site should be cleaned prior
to installation of dean cover material. Equipment air filten should
be replaced prior to use on any other she.

MAINTENANCE PROVISIONS
Selection of cap design for either a burial pit or an above ground

landfill should take into consideration the intensity of maintenance
requirements and the presence of some private party, company or
governmental entity to continue oversight, maintenance and repair _
of the cap. The less likely a parry is to be able to continue intensive
maintenance, the more important the depth of the cap and the
choice of vegetation or finishing layer of rocks becomes. Consent
decrees or orden should contain specific requirements for maia-
taining the integrity of the cap through regular fertilization, pH
adjustment, mowing, "•"~*''»g of vegetation aad regular checks
and repairs of erosion damage or subsidence.

FUTURE USE OF PROPERTY
Deeds or property records should be noticed with the tocatioe,

size and depth of buried asbestos wastes. Property where asbestoi
has been buried on-site can be used in ways limited only in so far«
a cap or burial pit cover should not be disturbed. If it is accessor
to disturb the cap, care should be taken to rebury asbestos-con-
taminated soil securely; strict health and safety procedures should
be observed during additional construction. U.S. EPA consent de- ;
crees have included requirements for a deed notice and advanot (
notification and prior approval of federal and state agencies for ,
any activity which would disturb the cap over an asbestos want '
disposal site. •

CONCLUSIONS
An asbestos waste disposal site shares many considerations tod

features of its investigation, remedial design and remedial impfc-
mentation with other hazardous waste sites. However, there arti
number of important differences. Asbestos is not a regulated h*
ardous waste under RCRA Subtitle C but is a regulated hazardM
air pollutant under the Clean Air Act. Asbestos is, however, a JIB
ardous substance under CERCLA.

The primary endangerment from asbestos results from air tra»
port and inhalation exposure. There is little evidence that asbota
moves downward or laterally in subsurface soils. The primary IF
medial response for asbestos is burial. There are three major met*
of accomplishing this response: (1) excavation, transport and off
ste disposal; (2) excavation and on-site disposal; and (3) cappi*
in place. A number of considerations are discussed in this pap*
for selection of remedies which are appropriate whether the goven-
mentor a private party wifl perform the remedial construction.
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